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1 Summary 
As part of the SINKS projects land use and land cover changes (LULCC) have been assessed for the 
period since 1990. Since 2011, assessments have been conducted annually. The process of annual 
inventories has pointed to at a need for a continuous and consistent validation of LULCC based on 
ground truthing. This report presents applied methods and results from this validation for the years 
1990, 2014, 2015 and 2016. Furthermore, more detailed estimation of accuracies of afforestation 
and deforestation are provided.  
Results indicate that generally, accuracies of land uses and land covers for the assessed years are 
reasonably high. However, detailed analyses show that assessed changes within afforestation and 
particularly deforestation are significantly overestimated. 
2 Sammenfatning 
Som del af SINKS projektet er areal ændringer blevet opgjort for perioden siden 1990. Siden 2011, er 
opgørelserne blevet lavet årligt. Årlige opgørelser har vist et behov for en kontinuerlig og konsistent 
validering af arealer og arealændringer på baggrund af kontrol på flyfotos. Denne rapport 
præsenterer anvendte metoder og resultater af denne validering for årene 1990, 2014, 2015 og 
2016. Derudover er der lavet en mere detaljeret validering af skovrejsning og afskovning.  
Resultaterne indikerer at nøjagtigheden af den kortlagte arealanvendelse og arealdække er rimelig 
høj. Den mere detaljerede analyse viser dog en betydelige overestimering af de kortlagte ændringer 
vedr. skovrejsning og især skovrydning.  
3 Introduction 
Since 2011 an annual inventory of land use / land cover changes (LULCC) has been conducted as part 
of the SINKS project1. In principle, this inventory is based on the data and methodology for the 
assessment of changes from 1990 to 2005 and from 2005 to 2011 (Levin et al. 2014). However, the 
process of conducting annual inventories has pointed at a need for a continuous and consistent 
validation of LULCC based on ground truthing. Such validation gives an estimate of the accuracy of 
the LULCC-inventory and can also be applied for adjustment of the methodology for the LULCC-
inventory.  
In this report we address 3 specific themes related to the overall mapping and inventory LULCC: 
 Validation of land use/land cover changes 1990, 2014 -2016 
 Validation of afforestation and deforestation 2014-2016 
 Land use changes and registrations of subsidies for afforestation 
 
                                                          
1 SINKS project for the needed documentation for the Danish ratification of the Kyoto protocol according to 
article 3.3 and the subsidiary voluntary election of Forest Management, Cropland Management and Grassland 
Management under article 3.4. 
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4 Validation of land use / land cover changes 1990, 2014 and 2015 
4.1 Aim 
This chapter presents the applied method and results of an accuracy assessment of land use and land 
cover (LULC) for the years 1990, 2014 and 2015.  
4.2 Data and method 
The assessment was based on a systematic ground control in terms of visual interpretation of aerial 
photos for 2,954 of a total of 8,938 control points of the national forest inventory (Nord-Larsen et al. 
2016). The NFI-control points are equally distributed over the whole country (randomly in relation to 
the observed land use and land cover classes) and do therefore also allow for control of LULC outside 
forested land (Figure 1). For the accuracy assessment of LULC for 1990, aerial photos for summer 
1995 (REF) were applied, as these are the earliest available digital aerial photos (orthophotos). For 
2014 and 2015, aerial photos for summer 2014 (Ortofoto Land2014 Sommer_12cm DDO-COWI 2016) 
and for summer 2015 (Ortofoto Land2015 Sommer_12cm_DDO-COWI_2016) were applied. 
 
 
Figure 1 Location of NFI control point applied for the accuracy analysis for 1990, 2014 and 2015 
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The LULC maps contain individual LULC classes for cropland, grassland and wetland. However, since 
distinguishing these classes on aerial phots was considered too unreliable, in the accuracy 
assessment these are all contained in one class (cropland, grassland, wetland). Furthermore, the 
class other agriculture in the LULC map represents areas, where LULC could not be precisely located 
at field parcel level and therefore can contain both cropland and wetland. This class is in the accuracy 
assessment contained in the cropland, grassland, wetland class. Finally, in the accuracy assessment 
Christmas trees are contained in the forest, Christmas tree class. Appendix 1 contains a detailed 
description of the LULC classes applied in the accuracy assessment. 
Control points refer to a specific point whereas the LULC maps area raster maps with a cell size of 
25*25 meters. In order to reduce discrepancies due to this difference in spatial precision, a point was 
classified as mapped correctly, if any mapped LULC was the same within a distance of 25 meters from 
the control point. 
4.3 Results 
For all three years, the assessed accuracy is rather high for the main LULC classes: settlement; lake; 
forest and Christmas trees; Cropland, grassland, wetland, other agriculture and sea (Table 1 to Table 
3). Furthermore, for all classes, except for lake, accuracies are highest in 2014 and 2015. For other 
land, which represents land without vegetation, such as dunes and beaches, accuracies are low. 
However, the total number of control points within this class is too low (31 points) for a statistically 
viable accuracy assessment. The accuracy for the 1990/1995 mapping are the lowest, reflecting that 
available data for the classification of the maps in 1990 was scarce both in terms of cadastral and 
registry data and in terms of ground truth data. Still, the accuracies for the large land use classes of 
forests and cropland / grassland / wetland and other agriculture are overall more than 90 %.  
A second analysis of aerial photos for 3,024 of a total of 8,928 control points of the national forest 
inventory with focus on 1990, 2015 and 2016 (Ortofoto Land2016 Sommer_12cm DDO-COWI_2016) 
was conducted. The method and procedure are the same as the previous analysis and the results are 
similar (as indicated in Table 4) confirming the overall accuracy estimated, yet with a slightly lower 
accuracy for the land use settlement, potentially reflecting a discrepancy in the cadastral data 
4.4 Discussion 
The accuracies of the LULC are generally acceptable for the purpose of reporting. 
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Table 1 Results of accuracy assessment for LULC 1990.  Shaded cells indicate correctly classified pixels 
  Control (1995)  
 
 
Settlement Lake Forest, 
other 
wooded 
land 
Cropland, 
grassland, 
wetland 
Other 
land 
Sea Total Correctly 
mapped 
(%) 
M
ap
 
Settlement 260 1 13 24 1 0 299 87.0 
Lake 0 17 0 1 0 0 18 94.4 
Forest 4 0 376 27 0 0 407 92.4 
Christmas trees 1 0 2 1 0 0 4 50.0 
Forest and Christmas trees 5 0 378 28 0 0 411 92.0 
Cropland 25 1 27 1,803 0 2 1,858 97.0 
Grassland 0 1 1 97 0 0 99 98.0 
Wetland 0 0 2 25 1 1 29 86.2 
Other agriculture 2 7 5 58 0 4 76 76.3 
Cropland, grassland, 
wetland, other agriculture 
27 9 35 1,983 1 7 2,062 96.2 
Other land 0 0 1 14 8 8 31 25.8 
Sea 0 1 0 3 0 129 133 97.0 
Total 292 28 427 2,053 10 144 2,954 
 
 
Table 2 Results of accuracy assessment for LULC 2014.  Shaded cells indicate correctly classified pixels. 
 
  Control  
  Settlement Lake Forest, 
other 
wooded 
land 
Cropland, 
grassland, 
wetland 
Other 
land 
Sea Total Correctly 
mapped 
(%) 
M
ap
 
Settlement 308 1 4 8 0 0 321 96.0 
Lake 0 21 1 1 0 0 23 91.3 
Forest 1 0 518 4 0 0 523 99.0 
Christmas trees 1 0 8 1 0 0 10 80.0 
Forest and Christmas trees 2 0 526 5 0 0 533 98.7 
Cropland 0 1 4 1,622 0 1 1,628 99.6 
Grassland 0 0 19 197 0 1 217 90.8 
Wetland 0 0 14 15 1 1 31 48.4 
Other agriculture 2 8 12 15 0 4 41 36.6 
Cropland, grassland, 
wetland, other agriculture 
2 9 49 1,849 1 7 1,917 96.5 
Other land 0 0 1 9 13 8 31 41.9 
Sea 0 0 0 0 0 129 129 100.0 
Total 312 31 581 1,872 14 144 2,954 
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Table 3 Results of accuracy assessment for LULC 2015.  Shaded cells indicate correctly classified pixels. 
 
Table 4 Results of accuracy assessment for LULC 2016.  Shaded cells indicate correctly classified pixels. 
 
  Control  
 
 
Settlement Lake Forest, 
other 
wooded 
land 
Cropland, 
grassland, 
wetland 
Other 
land 
Sea Total Correctly 
mapped 
(%) 
M
ap
 
Settlement 334 1 3 7 0 0 345 96.8 
Lake 0 26 1 2 0 0 29 89.7 
Forest 2 0 495 3 0 0 500 99.0 
Christmas trees 1 0 6 2 0 0 9 66.7 
Forest and Christmas trees 3 0 501 5 0 0 509 98.4 
Cropland 0 1 5 1,623 1 0 1,630 99.6 
Grassland 1 0 17 186 2 0 206 90.3 
Wetland 0 1 10 16 3 0 30 53.3 
Other agriculture 3 8 12 16 0 4 43 37.2 
Cropland, grassland, 
wetland, other agriculture 
4 10 44 1,841 6 4 1,909 96.4 
Other land 0 0 1 9 17 8 35 48.6 
Sea 0 0 0 0 0 127 127 100.0 
Total 341 37 550 1,864 23 139 2,954 
 
  Control 
  Settlement Lake Forest, 
other 
wooded 
land 
Cropland, 
grassland, 
wetland  
Other 
land 
Sea Total Correctly 
mapped 
(%) 
M
ap
 
Settlement 335 1 20 24 0 0 380 88.2 
Lake 0 50 2 1 0 0 53 94.3 
Forest 1 1 440 8 0 0 450 97.8 
Christmas trees 1 0 11 1 0 0 13 84.6 
Forest and Christmas trees 2 1 451 9 0 0 463 97.4 
Cropland 25 2 40 1,730 0 1 1,798 96.2 
Grassland 2 2 29 76 0 1 110 69.1 
Wetland 0 0 9 21 0 1 31 67.7 
Other agriculture 4 0 10 19 0 2 35 54.3 
Cropland, grassland, 
wetland, other agriculture 
31 4 88 1,846 0 5 1,974 93.5 
Other land 2 0 4 8 3 2 19 15.8 
Sea 1 0 1 4 0 129 135 95.6 
Total 371 56 566 1,892 3 136 3,024 
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5 Validation of afforestation and deforestation from 2014 to 2016 
5.1 Aim 
Since 2011 an annual inventory of land use / land cover changes (LULCC) has been conducted. In 
principle, this inventory was based on the data and methodology for the assessment of changes from 
1990 to 2005 and from 2005 to 2011 (Levin et al. 2014). However, the process of conducting annual 
inventories has pointed at magnitudes of dynamics encompassing forest, which seem unrealistically 
high. Between 2011 and 2016, annual net change in forest was 5,694 ha. However, this net change 
covers over significant variations in total amounts of changes (Table 5). While mapped deforestation 
was low until 2013, it increased significantly in the subsequent periods, reaching 2,870 hectares 
between 2014 and 2015 and 1,794 hectares between 2015 and 2016. Concurrently, amounts of 
afforestation varied significantly between the different periods. These results stressed the need for a 
continuous and consistent accuracy assessment of mapped changes encompassing forest.  
Table 5 Mapped annual changes encompassing forest between 2011 and 2016 
The application of ground truthing of NFI-control points based on visual interpretation of aerial 
photos showed to be an effective way for an objective accuracy assessment of LULC classes. The 
accuracy assessment of LULC for 1990, 2014, 2015 and 2016 showed reasonably high accuracies for 
most LULC classes (see chapter 4). However, only very few of the approx. 3,000 control points are 
located on cells representing changes in LULC. For instance, for the period from 2014 to 2015 only 
two control points represented afforestation and only one control point represented deforestation. 
In order to reach a sample size, which is large enough for a statistically valid accuracy assessment of 
afforestation and deforestation, a method to identify and select additional control points to be 
included in the validation was developed. 
5.2 Data and methods 
The sampling points for the initial sampling for LULCC, is based on the permanent sample points of 
the Danish NFI. The supplementary sampling points for afforestation and deforestation are based on 
the Danish 100 meter square grid. The grid has its origin of x: 400.000 and y: 6.000.000, UTM32 
EUREF89. 
5.2.1 Method 
For the supplementary accuracy assessment of afforestation and deforestation for the period from 
2014 to 2015 and from 2015 to 2016 the mapped LULCC was overlaid with the 100 m grid, assigning 
each grid intersection to a class identifying the LULCC for the respective period of interest.  
The selection of the needed number and which to be tested is based on basic sampling principles. 
 Period 
 2011 - 2012 2012 - 2013 2013 - 2014 2014 - 2015 2015 - 2016 
Unchanged 630,754 632,411 636,797 634,703 635,686 
Afforestation 1,798 4,859 506 2,870 1,794 
Deforestation -323 -141 -474 -2,599 -1,888 
Net-change 1,475 4,718 32 271 -95 
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The determination of the sample size depends on a set of criteria’s for the precision wanted for the 
analysis. These can be given by the following criteria’s, based on Cochran (1977): 
 Margin of error (d) 
 Student's t (t) 
 Proportion of validation points for a given LULCC that is expected to be correct (P) 
 Advance estimate of proportion correct (p) 
 Proportion of validation points for a given LULCC that is expected to be wrong (Q) 
 Total number of validation points for a given LULCC (N) 
 Sample size - number of validation points (n) 
 Advance estimate of sample size (n0) 
 
The margin of error (d) is most often set to 0.05, which assuming a double sided normal distribution 
of the errors results in t = 1,96. Based on the first accuracy assessment, an advance estimate of the 
proportion of each LULCC that is correct can be obtained. For the rare classes of LULCC only very few 
points are assessed. In these cases a 50 % proportion correctly classified points can be assumed. 
Since each LULCC is the core of the accuracy assessment, the total population size is represented by 
the number of points of the 100 m grid within each LULCC. This is established by overlaying the 
LULCC map with the grid and extracting the classification of the points based on this. 
As a first approximation the following equation can be utilised to estimate n0, assuming the total 
population N is large. Note - q = 1-p. 
𝑛0 =
𝑡2𝑝𝑞
𝑑2
 
This result in the sampling size indicated in Table 6. 
Table 6 Principal estimation of sample size and sensitivity to advance estimates and desired margin of error, given t=1.96 
 
For LULCC where the population is limited, the following additional correction must be applied to 
obtain a correct determination of sample size n.  
𝑛 =
𝑛0
1 + (𝑛0 − 1)/𝑁
 
For the final determination of the sample size for each LULCC the advance estimate of correct 
proportion was assumed to be 0.5 and the margin of error set to 0.05 and the correction for size of 
Advance estimate of 
proportion correct 
p0 0.5 0.5 0.7 0.7 0.9 0.9 
Margin of error d 0.05 0.1 0.05 0.1 0.05 0.1 
Sample size n0 384 96 323 81 138 35 
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total population was applied. Subsequently the determined sample size n for each LULCC is randomly 
selected from the full number of possible validation points in the 100 m for each LULCC. Each of 
these will be verified according to the guidelines also applied in the initial validation (Appendix 1).  
5.3 Results 
Table 7 identifies the LULCC types selected for further validation. The LULCC types vary in coverage 
from 111 ha to 2,183 ha in total and consequently the full population of grid points available for 
validation varies similarly from 113 to 2,195 reflected in both area and distribution.  
Table 7 Selected LULCC types for further accuracy assessment and the determined sample size n 
  Area N n 
LULC 2014 LULC 2015 ha number number 
Other LULC Forest 1,656 1,648 530 
Forest Other LULC 2,183 2,195 669 
Total 
 
3,939 3,843 1,184 
     
LULC 2015 LULC 2016 ha number number 
Other LULC Forest 904 900 376 
Forest Other LULC 1.201 1.244 529 
Total  2,105 2,144 905 
 
The validation was performed for the selected sample size and the land use was assessed for 
afforestation recorded in the land use matrix in 2015 and in 2016 based on visual interpretation of 
the aerial photos. Since afforestation is only mapped, if a cell has been classified as forest for at least 
two subsequent years, validation of afforestation was based on aerial photos from 2013 and 2015 
and 2014 and 2016.  
Results for afforestation are given in Table 8 and show that for afforestation recorded in 2015 63 % 
of points located within afforestation were correctly mapped as change from other land use to 
forest. For the afforestation recorded in 2016 59 % was correctly mapped. In 2015, around 24 % 
were in forest in both years and approx. 10 % were other land use in both years. For 2016 
observations some 31 % were forest in both years and around 6 % were other land use in both years. 
In both test periods a minor proportion changed from other wooded land to forest or from other 
land use to other wooded land. 
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Table 8 Results of accuracy assessment of mapped afforestation recorded in 2015 and in 2016 
Period 
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T
o
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l 
Afforestation 
recorded in 2015 
Number of control 
points 
126 5 0 336 8 55 530 
Proportion (%) 23.8 0.9 0.0 63.4 1.5 10.4 100.0 
Afforestation 
recorded in 2016 
Number of control 
points 
119 11 1 222 0 23 376 
Proportion (%) 31.6 2.9 0.3 59.0 0.0 6.1 100.0 
*Forest includes Christmas trees; **Other land use includes settlement, cropland, grassland, wetland and other 
land 
 
Results for deforestation are given in Table 9. Between 2014 and 2015 some 10 % of points located 
within deforestation were correctly mapped as change from forest to other land use while for the 
period from 2015 to 2016 less than 4 % were correctly classified. For both periods, the majority of 
points was other land use in both years (approx. 45 % between 2014 and 2015 and approx. 60 % 
between 2015 and 2016), while wile about 8 % and 9 % respectively were other wooded land in both 
years. About 35 % was forested in both years between 2014 and 2015 and about 27 % between 2015 
and 2016. In both periods less than 1 % changed from forest to other wooded land or from other 
wooded land to other land use.  
Table 9 Results of accuracy assessment of mapped deforestation from 2014 – 2015 and from 2015 - 2016 
Period 
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2014 - 2015 
Number of control points 232 54 7 70 4 302 669 
Proportion (%) 34.7 8.1 1.0 10.5 0.6 45.1 100.0 
2015 - 2016 
Number of control points 141 49 0 22 1 316 529 
Proportion (%) 26.7 9.3 0.0 4.2 0.2 59.7 100.0 
*Forest includes Christmas trees; **Other land use includes settlement, cropland, grassland, wetland and other 
land 
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5.4 Discussion 
The results related to afforestation revealed a 50-60 % correct mapping, but also shares of area with 
no change. The area is small and the primarily input for mapping afforestation is given by the field 
parcel information and subsidies for afforestation. The uncertainty is primarily caused by the 
uncertainty in the crop classifications of the field parcels, especially for woody vegetation in 
combination with uncertainties in the forest mapping based on satellite images. 
The results of the accuracy assessment point at severe uncertainties regarding mapping of 
deforestation. A major reason for the very low proportion of correctly mapped deforestation is most 
likely related to the applied methodology, where agricultural field parcels, containing either cropland 
or grassland preclude forest. An analysis of mapped deforestation revealed, that almost 48 % of the 
2,599 hectares, which were mapped as deforestation between 2014 and 2015, were caused by new 
field parcels, which were introduced in the 2015 field parcel map and were not contained in the field 
parcel map for 2014 (Table 10). Another 48 % of mapped deforestation was caused by crop types 
changing from crop types, where forest according to rules for subsidies is allowed, to crop types, 
where forest is not allowed. Less than 4 % of the total mapped deforestation was not affected by 
changes in the applied field parcel maps. For the period from 2015 to 2016, about 29 % of the total 
mapped deforestation of 1,888 hectares was caused by new field parcels, 44 % was caused by 
changing crop types, while 511 hectares or about 27 % was not affected by changes in the applied 
field parcel maps, but other direct causes of deforestation (e.g. settlements).  
 
Table 10 Results of overlay between field parcel maps and mapped deforestation from 2014 to 2015 and from 2015 to 
2016 
  Deforestation caused by:  
Period  New field parcels Change in crop type No change in field 
parcels 
Total 
2014-2015 
Hectares 1,246 1,251 103 2,599 
Proportion (%) 47.9 48.1 3.9 100.0 
2015-2016 
Hectares 544 833 511 1,888 
Proportion (%) 28.8 44.1 27.1 100.0 
 
While all other LULC classes in change detection are mapped on basis of categorical, pre-classified 
categorical data, such as topographic data, settlements, field parcel maps and habitat registrations 
based on reporting's to systems for subsidies and control, the forest class is primarily based on a 
supervised classification of Landsat satellite images (Levin et al. 2014). Since the validation shows 
that the majority of control points for deforestation have not been forest in the assessed periods 
(about 45 % between 2014 and 2015; about 60 % between 2015 and 2016 (Table 10), it is most likely 
that a considerable part of this uncertainty is caused by the inaccuracy of the Landsat based forest 
map when focusing on the areas with low crown cover. This is supported by the analysis of the 
causes of deforestation where 95 % and 73 % respectively are related to new field parcels or change 
in crop type within these. 
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6 Analysis of spatial overlaps between assessed land use / land cover 
changes and registrations of state subsidies for afforestation from 
1990 to 2012 
6.1 Aim 
The aim of this analysis was to assess whether the area of afforestation, which has received state 
payments in the period from 1997 to 2012 is contained in the assessment of land use / land cover 
changes (LULCC) for the period from 1990 to 2012. The results of this analysis do thus represent a 
kind of control of the accuracy of the LULCC assessment. However, since the applied registration of 
payments is most likely subject to inaccuracies and thus do not represents fully objective ground 
truth information, results must be interpreted with caution. 
6.2 Data 
Applied data were the map of land use and land use change from 1990 to 2012 as described in Levin 
et al (2014) and information about state payments for afforestation from 1997 to 2012 (Danish 
Nature Agency, 2014). Information about afforestation is organised in a register, which, for each 
payment, contains the payment date, the afforested area and a reference to a specific cadastre. 
Applying this reference, the area of afforestation was assigned to specific cadastres in the cadastre 
map for 2013 (Danish Geodata Agency, 2013). In total, for the period from 1997 to 2012, 2,511 
cadastres contained areas with payments for afforestation. 
6.3 Methods 
6.3.1 Pre-processing 
For the comparison with the assessment of LULCC, registrations of payments for afforestation were 
grouped into three periods (until 2005, 2005-2011, 2011-2012), corresponding with the assessed 
periods in the LULCC. According to the resister for state payments, between 1997 and 2012, a total 
of 17,693 ha received subsidies for afforestation. However, for several cadastres, the afforestation 
area exceeds the area of the cadastre. In these cases, the afforestation area was adjusted to the 
cadastre size.  As a consequence, for the period from 1997 to 2012 the total afforestation area was 
adjusted to 16,785 ha (Table 11), an overall reduction of 5 %. The adjustment is most pronounced for 
the period from 1997 to 2005, indicating that the reason for this error is changes in the cadastre map 
during the assessed period. The subsidies have been subject to continuous control in the field, but 
without the direct link to the cadastral maps. 
Table 11 Afforestation area from registration of afforestation payments, before and after adjustment to cadastre size 
 
In register 
Adjusted to 
cadastre size Difference 
Period Hectares Hectares Hectares Proportion (%) 
Until 2005 10,117 9,417 700 6,9 
2005-2011 7,129 6,920 208 2,9 
2011-2012 448 448 0 0,0 
Total 17,693 16,785 908 5,1 
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6.3.2 Spatial overlay 
Cadastres containing area with payments for afforestation were extracted from the cadastre map 
and converted into raster format with a cell size of 25*25 meter, corresponding with the resolution 
and spatial reference of the LULCC assessment. The cadastre map was subsequently overlaid with 
the map of LULCC and for each cadastre the area of specific LULC-changes from 1990 to 2005, from 
2005 to 2011 and from 2011 to 2012 was calculated. The area of afforestation with payments could 
be precisely allocated but is registered as the area within a specific cadastre parcel. Therefore, the 
assessment of spatial overlaps between afforestation with payments and LULC-changes was based 
on an expert based hierarchy of the most reasonable overlaps. The hierarchy of overlaps is shown in 
Table 12. 
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Table 12 Hierarchy for assignment of afforestation with payment to specific LULC-changes 
Priority LULC-change Description Reasoning 
1 Afforestation Cells with change from 
other LULC to forest 
Afforestation with payment does most likely 
overlap with afforestation in the LULCC 
assessment 
2 Afforestation in 
next period 
Cells with change from 
other LULC to forest in 
the following period 
The LULCC assessment is partly based on 
interpretation of crown cover from satellite 
images. Recent afforestation will not be 
captured by this method in the first years 
3 Slivers (within 25 
m. from 
afforestation) 
Cells within 25 meters 
(1 cell) from cells with 
change from other LULC 
to forest 
The cadastre map and the LULCC map are 
not geometrically coordinated, causing 
"slivers". If afforestation with payment is 
located within 25 meters from afforestation 
in the LULCC map it is likely to be located 
within afforestation.  
4 Undefined 
agriculture 
(including 
afforestation) 
Cells with undefined 
agriculture to undefined 
agriculture, which can 
also contain forest 
Undefined agriculture does also include 
forest, which due to the applied data cannot 
be precisely allocated. Afforestation with 
payment can be contained within these 
cadastres. 
5 Forest to forest Cells with forest to 
forest 
The estimation of afforestation in the LULCC 
assessment is, especially where it is based 
on satellite images, subject to uncertainties, 
primarily related to the borders of forest 
areas. It is thus likely that some cells with 
unchanged forest in the LULCC in fact 
represent afforestation, including areas, 
which formerly were managed as extensively 
managed undefined agricultural areas with 
some trees. 
6 Afforestation, 
Christmas trees 
Cells with change from 
other LULC to Christmas 
trees 
Although afforestation with payments does 
not apply for Christmas trees, some of it 
might in the LULCC have been registered as 
areas with Christmas tree planting. 
7 Christmas trees 
to Christmas 
trees 
Cells with Christmas 
trees to Christmas trees 
Although afforestation with payments does 
not apply for Christmas trees, some of it 
might in the LULCC have been registered as 
areas with Christmas trees. 
8 other LULC Other change Remaining LULCC, which are unlikely to 
represent afforestation (e.g. settlement, 
cropland, water etc.) 
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Following this hierarchy, the registered area of afforestation with payment within each cadastre was 
assigned to LULC-changes. I.e. the area of afforestation with payment, which corresponds with (or 
fits into) the area within the change with highest priority (e.g. afforestation) was assigned to this 
change. Subsequently, the remaining area was assigned to the next change type in the hierarchy (e.g. 
afforestation in next period). Assignment was continued until the remaining area of afforestation 
with payment, which could not be assigned to changes with priorities 1 to 8 was assigned to other 
change types. 
6.4 Results 
For the whole period from 1990 to 2012, approx. 62 % of registered afforestation with payments is 
assigned to mapped afforestation (Table 13). Some 12 % was assigned to afforestation in the 
following period, approx. 6 % to cells within 25 meters from afforestation. Some 8 % was assigned to 
undefined agriculture and almost 2 % to cells with unchanged forest. About 1 % was assigned to 
Christmas trees while approx. 10 % was assigned to other changes, which in principle cannot contain 
afforestation. I.e. about 90 % of the area of registered afforestation with payments was assigned to 
changes in the LULCC map which do or reasonably can contain afforestation. Results also show 
considerable differences between the assessed periods. While for the period from 2011 to 2012, all 
afforestation with payments could be assigned to changes in the LULCC map which do or reasonably 
can contain afforestation, it is 93 % for the period from 1990 to 2005 and 87 % for the period from 
2005 to 2011.  
Table 13 Results of overlay between cadastres with payments for afforestation and LULC-changes from LULCC 
assessment 
 In register 
(ha) 
Spatial overlap with LULCC-map (ha) 
Period Afforestation Afforestation Afforestation 
in next period 
Slivers 
(within 25 m. 
from 
afforestation) 
Undefined 
agriculture 
(including 
afforestation) 
Forest 
to 
forest 
Afforestation, 
Christmas 
trees 
Christmas 
trees to 
Christmas 
trees 
other 
LULC 
Reasonable 
overlap 
Until 2005 9,417 5,943 937 561 1,076 215 0 9 674 8,743 
2005-2011 6,920 4,016 1,111 442 316 93 5 4 932 5,988 
2011-2012 448 372 0 76 0 0 0 0 0 448 
Total 
period 
16,785 10,332 2,049 1,079 1,392 309 5 14 
1,60
5 
15,179 
  Proportion of afforestation area in register (%) 
Period  Afforestation Afforestation 
in next period 
Slivers 
(within 25 m. 
from 
afforestation) 
Undefined 
agriculture 
(including 
afforestation) 
Forest 
to 
forest 
Afforestation, 
Christmas 
trees 
Christmas 
trees to 
Christmas 
trees 
other 
LULC 
Reasonable 
overlap 
Until 2005  63.1 10.0 6.0 11.4 2.3 0.0 0.1 7.2 92.8 
2005-2011  58.0 16.1 6.4 4.6 1.3 0.1 0.1 13.5 86.5 
2011-2012  83.0 0.0 17.0 0.0 0.0 0.0 0.0 0.0 100.0 
Total 
period 
 
61.6 12.2 6.4 8.3 1.8 0.0 0.1 9.6 90.4 
 
6.5 Discussion 
The aim of this analysis was to assess whether the area of afforestation, which has received state 
payments in the period from 1997 to 2012 is contained in the assessment of land use / land cover 
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changes (LULCC) for the period from 1990 to 2012. In spite of inaccuracies in both datasets and 
uncoordinated spatial demarcation, results indicate a fairly high overlap of afforestation between the 
datasets. I.e. most of the registered afforestation with payments is, according to this analysis, 
contained in the assessment of LULCC, elaborate by Levin et al. (2014). Differences between the 
assessed periods can most likely be explained with changes in the cadastre map over the assessed 
period and by the assessment of LULCC being subject to inaccuracies, particularly with respect to 
changes in forest area in the periods from 1990 to 2005 and from 2005 to 2011, since they are based 
on remote sensing data, with limited ground truth data available for the derivation of the maps 
especially the calibration of the classification of the remote sensing images. 
7 Perspectives 
Since 2011 an annual inventory of land use / land cover changes (LULCC) has been conducted as part 
of the SINKS project2 (). In principle, this inventory is based on the data and methodology for the 
assessment of changes from 1990 to 2005 and from 2005 to 2011 (Levin et al. 2014). However, the 
process of conducting annual inventories has pointed at a need for a continuous and consistent 
validation of LULCC based on ground truthing. Such validation gives an estimate of the accuracy of 
the LULCC-inventory and can also be applied for adjustment of the methodology for the LULCC-
inventory.  
In this report we have addressed the three specific themes related to the overall mapping and 
inventory LULCC, where validation of the conducted mapping have been performed by application of 
statistical testing by systematic ground truth with sampling densities adjusted to the extent and 
distribution of the land uses and the land use changes under investigation. 
Validation of land use/land cover changes 1990, 2014 -2016 revealed overall high accuracies of the 
land use maps. As expected the highest accuracy are recorded on the most recent maps, where the 
data for calibration was best. 
Validation of afforestation and deforestation 2014-2016 deals with small and scattered changes. The 
combined uncertainties in both the forest mapping based on satellite images and the variability in 
the field parcels and the related crops cause low accuracy, especially in the area estimation of 
deforestation. 
Land use changes and registrations of subsidies for afforestation were tested for consistency, 
revealing a 95 % mapping of the subsidised afforestation are included in the LULCC mapping. The 
subsidised afforestation constitutes a share of less than 20 % of the total afforestation since 1990. 
The continued mapping of land use and land cover will require a consistent system for the mapping 
and the validation. The methods applied in this analysis can help validate and improve the future 
mapping of different land uses. 
 
                                                          
2 SINKS project for the needed documentation for the Danish ratification of the Kyoto protocol according to 
article 3.3 and the subsidiary voluntary election of Forest Management, Cropland Management and Grassland 
Management under article 3.4. 
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Appendix 1: Guideline for visual interpretation of Land use / land 
cover 
8.1.1 Lakes 
Includes area with a visible open water surface, not being a part of sea, as lakes and water ponds. 
 
Examples of lakes 
8.1.2 Sea 
Open sea and internal waters. 
   
Examples of sea 
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8.1.3 Forest 
Land spanning more than 0.5 hectares with trees higher than 5 meters and a canopy cover of more 
than 10 percent, or trees able to reach these thresholds in situ. It does not include land that is 
predominantly under agricultural or urban land use. 
   
Examples of forest 
8.1.4 Other wooded land 
Land not defined as “Forest”, spanning more than 0.5 hectares; with trees higher than 5 meters and 
a canopy cover of 5-10 percent, or trees able to reach these thresholds; or with a combined cover of 
shrubs, bushes and trees above 10 percent. It does not include land that is predominantly under 
agricultural or urban land use. 
   
Examples of other wooded land 
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8.1.5 Settlement 
Includes all built up and fortified areas including transport infrastructure (roads, railways, parking 
spaces). The land use also includes areas that adjacent to the buildings, such as gardens and 
production areas around agriculture, technical facilities, road discounts and railways. In addition, 
green areas in cities such as parks and sports facilities are included in the Settlement land use. The 
pictures below show examples of demarcation of built and fortified areas. 
 
Examples of settlement 
8.1.6 Cropland, Grassland and wetland 
Includes all land with vegetation not included in the land uses above. The cropland includes annual 
and perennial crops as well as grass crops. The Grassland includes permanent grasslands and natural 
vegetation such as heathlands, bogs and meadows. Energy forests (poplars etc.) and Christmas tree 
plantations are not included. Images show examples of cropland and grassland.  
 
Examples of cropland 
 
Examples of grassland 
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8.1.7 Other land 
Includes all land without vegetation such as sand dunes and beaches 
   
Examples of other land 
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